. Less attention has been paid to the question as to whether the vasoconstrictive response due to oxygen under high pressure (OHP) can be modified by excessively increasing or decreasing the blood flow. This question is of clinical importance, since patients with peripheral vascular disease are sometimes treated with hyperbaric oxygen.
Furthermore, little is known about the mechanism of hyperoxic vasoconstriction.
A direct reaction of arterioles to high arterial oxygen tension (Paoz>, a constriction induced indirectly by tissue hyperoxia, and neural mechanisms have to be considered.
The experiments presented in this communication were intended to clarify some of these problems.
In addition, the vascular response to hypoxia has been studied in exactly the same preparation in order to describe the vessel reaction to variations of Pao, ranging from 25 to 2,500 mm Hg as a whole. After anticoagulation with heparin (3 mg/kg) and suitable control of blood flow with vascular clamps, the aorta was opened 2 cm above the bifurcation and a vinyl catheter loop (30 cm in length) was inserted to permit blood flow to the sacral branch of the aorta (i.e., the hindquarter) through the loop. The abdomen was then closed with the catheter loop protruding, making a connection to the roller pump possible within seconds. The blood pump was calibrated for different rotations per minute (rpm) over the desired blood flow range for the tubing used. A built-in Variac allowed us to change the blood flow rate during the experiment by a factor of 6 to 1. For most experiments, unless stated otherwise, the pump flow (200-280 ml/min) was adjusted to achieve a leg pressure similar to the systemic blood pressure. level after 4-7 min (Table  1) . In four experiments, the perfusion pressure decreased to an even slightly lower value than during normoxia after the initial vasoconstriction. Within about 1 min after reoxygenation (with air or oxygen), the systemic blood pressure dropped rapidly to its initial value; in a few cases of severe hypoxemia ( Pao2 ranging between 25 and 35 mm Hg), it even showed a slight overshoot.
METHODS
Simultaneously, the hindlimbs responded with a vasodilatation:
an abrupt, but transient, posthypoxic decrease of the perfusion pressure by 1 O-50 % depending on the degree of hypoxemia, was followed by a gradual increase to its initial control lcvcl within about l-2 min. B) Cross-circulation experiments. Six experiments were performed in order to obtain an understanding of the peripheral vascular response described in the preceding paragraph, especially to distinguish between influences of central reflex mechanisms and local effect of hypoxemia. The results are given in Table 1 . In addition, an example of typical results is shown in Fig. 2 A-C. In Fig. 2 shows that this combination caused a clear vasoconstriction were started as usual, but the inspired gas was changed only twice, from 7 % oxygen to 100 % oxygen and back to 7 % oxygen. Thereafter the blood flow to the hindlimbs was reduced from normal (ZOO-280 ml/ min) to 90 rnl/min. As soon as a steady state was reached at the lower perfusion pressure, the same ventilation cycles were repeated several times.
In the second group of experiments, the flow was increased from normal to 450-500 ml/min, and the vascular response to high oxygen tensions was tested under this condition in the same way. Figure 6 and Table 4 OHP was about identical under all three experimental conditions. Therefore, the vascular response to high oxygen tension does not appear to be modified by the oxygen tension of the regional venous blood and its increase following hypcroxygenation.
After changing the inspired oxygen concentration from 7 to 100 '%, the Pvo2 in the leg increased from about 25 to 45 mm Hg at low flow, from 35 to 70 mm Hg at normal flow, and from 50 to 600 mm Hg at high flow, whereas the arterial oxygen tensions were practically identical for all flow rates.
DISCUSSION
Since the hindlimbs were artificially perfused, the relevance of the perfusion technique employed to the vascular response has to be discussed. The main advantage of constant-flow perfusion is the strict proportionality between the rise in driving pressure and the active tension of the vessel wall (4). Folkow (10) maintained that constant-flow perfusion causes a decrease in vascular tone and reactibility. Based on systematic experiments, Davis and Hammond (8) reached a similar conclusion, but, as they pointed out, the diminished vascular response during constant-flow perfusion, as compared to constant-pressure perfusion, had to be attributed largely to the extremely high perfusion pressures applied.
In contrast to that, the perfusion pressures were kept close to the normal systemic blood pressure in the present study. Jones and Berne (15) found that initiation of pump perfusion at the same flow level as existed under constant pressure produced a slight fall in perfusion pressure But in contrast to Folkow's observation, they were able to show the same vascular response in the isolated muscle, regardless of whether they increased or decreased either the blood flow or the perfusion pressure. Examples of normal vascular reactivity under pump perfusion have also been shown in the intestinal vascular bed (9). Finally, Costin and Skinner (6) described, in normally perfused skeletal muscles, a vascular response to hypoxemia which is almost identical to the one we observed during constantflow perfusion. These considerations suggest that the method applied has probably a minor influence on the results. In general, the hypoxia experiments confirm the results of other authors (6) (although the method applied was substantially different), and hence need not to be discussed in detail.
The cross-circulation experiments demonstrate clearly that the peripheral vascular response to incomplete arterialization of blood in the lung is a complex one (Fig.  2, A-C) . According to our results, the vascular resistance changes observed during hypoxemia and on reoxygenation, such as described by Robert and Haab (ZO) , are the resultant of two opposite responses: a vasoconstriction due to a chemoreceptor reflex which can be modified by the ventilation (1, 7, 17) , and a vasodilation due to the local effect of hypoxemia on the vessel wall (14, 22) . Consequently, the posthypoxic vasodilatation is due to an overshooting vascular relaxation after termination of the chemoreceptor induced vasoconstriction. Essentially the same results as shown in Fig. 2 , A-C, were indirectly obtained by Costin and Skinner (6) , who abolished the reflex mechanism either by denervation of skeletal muscles or by drug-induced nerve blockade.
In contrast to that, the vasoconstriction due to hyperoxia seems to be unaffected by neural regulation. Scither a reflex mechanism via baroreceptor (OHP generally caused a slight drop in systemic blood pressure), nor a possible stimulation of medullary vasomotor areas by hyperosemia appears to dctcctably modify this response. Best evidence for this conclusion is given by the cross-circulation esperiments. Subjecting the test dog ( Fig. 1) to hyperbaric oxygen resulted in no change in the vasomotor tone of its normoxemic blood-perfused hindlimbs (Table  3) . But vice versa, vasoconstriction occurred without exception and to the same extent in the hindlegs exposed to high oxygen tensions regardless of whether the test dog was ventilated with a normoxic or hyperoxic gas mixture (Fig. 4) In addition to the cross-circulation experiments, studies on sympathectomized dogs were carried out to further rule out a reflex mechanism.
Unexpectedly at first, the response to hyperoxygenation turned out to be significantly more pronounced than in intact animals. Initially, this observation might appear as a contradiction to the findings and conclusions above, i.e., that hyperoxic vasoconstriction is not the result of neural activity. However, the enhanced vasoconstriction is best explained by the "law of denervation" which was formulated several decades ago by Cannon (5). Accordingly, denervated smooth muscles react with increased irritability to chemical stimuli. It has been shown experimentally, for example, that vasoconstriction due to circulating catecholamincs is more severe in denervated organs (12). There is no direct experimental evidence that the "law of denervation" is applicable to high oxygen tensions as stimulus;
and one might well argue that the enhanced effect of OHP after sympathectomy is pointing to an increased rclcasc of a circulating vasoconstrictor substance.
Oxygen under increased pressure always induced a local vasoconstriction, but the resulting flow reduction (inversely proportional to the resistance increase) was never severe enough as to counteract entirely the benefit from the increased oxygen-carrying capacity in the arterial blood; this result confirms the observations of Bergofsky and Bertun (3) and Whalen et al. (24) .
The purpose of the third part of this study, pertaining to variations of perfusion rates, was to further investigate the mechanism of hyperoxic vasoconstriction. After excluding a neural regulation (by the cross-circulation experiments described) and a predominant influence of circulating vasoactive compounds (23), there are still three possible mechanisms left. First, a direct reaction of vessel smooth muscles to high arterial oxygen tension; second, tissue hyperoxia causing a release of vasoactive compound that in turn diffuses to the arterioles and induces vasoconstriction; implies that the second or third mechanism mentioned has a predominant role. However, experimental data give better credit to the alternative mechanism: OHP appears to increase vascular tone directly, since it elicits con&ant and third, a combined action of both these mechanisms. vasoconstriction independently of wide variations in oxygen Stainsby and Otis (Zl), and Bergofsky and Bertun (3) have supply and regional venous oxygen tension. In other words, shown that the oxygen consumption of resting muscle is the results support the speculation that the site of action of not altered by changes in blood flow or blood oxygen tenhyperbaric oxygen is upstream from the capillary bed. sions, except during severe hypoxia.
Hence, by increasing the perfusion rate the ratio between oxygen supply and demand and also the regional venous Paz increases, although
